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I. Brief historical review
A. Griffith - 1928, unencapsuiated, avirulent R-variants cf cne specific
u}ye transSormed into fully encepsulated anc virulent cells

of a different specific Ulype

Zxample and technigue:
Type II R —>Type I1I S

o *

R strzin incapable of causing fatel bacleremia
Heated Type III suspension contzined no viable organisms.
Thus, R cells acquired capsular structure and
serological specificity of Type III.
Siide 1 illustraies phenomenon
1. Numerous tygses of pneumococcus

2. Tyoe specificity - depencent on presence in capsule of &

5
e chemically céistinct and serologicelly

polys arl
specific for each uype.

3. Capsule is immunological unit of type specificity and
accessory structure essentizl in determining invasive
cenzclty or organism.

L. Under certain cultural conditions enzymes concernec in
synthesis of capsuier materiel may be suppressed or lost.
With loss of capsule cell loses its type specificiiy &nd
invasive properties. -» R form. Reaction often reversivple -
animel passage; anti-R serum. Reversion alweys back to
type from which it ceme. Reversion S+ R different from

transformation.
L f ' . L g
o 5. 1In letter instance, R azcgquired the capsule and type
« : specificity of the encaepsulated cells used to induce the
rezction.
-

B. Confirmztion of phencmenon

= .

2. Baurhenn - 1932

7
Neqfeld and Leviathel - 1928
ebrcad

-~

3. Dewson - 1930 - ia lzcratory




C. Iaauction

in vizro

1. Dawson and Siz - 1931 (initezct end heazted cslis)
Grew & celis in media containing anil-f serum and heatec & cel-s.
2.

All ov&y 1532 - (ceLl-p”fe extracts; transforaing princ ie in solutle form)
Berkefeid filtered :

Hence in test tute as in mice, showec transio icn incuced
and selectively cdetermined by type specific ells used.
D. Virus -

emmrr——————— W

fibroma - myxoma

1. Berry and Dedrick - 1936

’
Living fibroma virus + heat-killed

myxoma »rabbits induced
myxonmatosis. ,

2. Berry 1937
Induction by suspensions of washea elementary bodies of myxoma.
3.

s ree——————"

Confirmation by number cf investigators.
Presens

tudy - more detailed analysis of phenomencn; a

tismpt to determine chemical
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rature of transforming principle. fl
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A. Broth - optimel for growth.
————

Irdiviaual and unpredicizble variations in
capacity to support transformation. These largely eliminated by
charcoal adsorption (MacLeod and Mirick)

B. Serum or serocus fluid
C .
1. Anti-R serum first used beczuse of capacity to promote reversion of
R —=homologous S.
2. Alloway used ascitic and chest fluid and normal swine serum
: contain anti-R)
3. Present study - human pleurel and ascitic fiuids used.
‘ e

AT e 8

' ’ Effectiveness of ¢
. g LA AL
. yTRY on content of R an
¥
/

~

(L.

i ent lote veries. DIiff
<

Tie
iDO

erences not dependent
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4. Enzyme - various animal sera irrespective of immune troperties contai
enzyme that destroys transforming principle.

-~

1

Enzyme inactivztecd &t 60-65°C. Heating may rencer ineffective
sera effective.



5. JUnkncwn fucter - suggestsS by fact that scme serz containing
- ~ A - - e 2T r o~ -
nti-z and e“zjme ne,t inzectivetes 2till fzil tc supporh
Ry ey Bels
Y

6. Properties of serum - steble; may Te stored in refrigerzior meny
nonths aznd retain original effeciiveness. .

Recognition of serum factors and progerties fecilitated
standardaization of cultural conditions required for ccnsistent

anc reproducible results.

-

C. R strain (%36i) - derived from Pneumococcus Type II

1. Characteristics - relztively fixed in E phase; never spontanecusly
reverts. Zepeated aitempus to cause reversion unsuccessiul.
STTEin susceptible to transforxatlon to varlety o¢ aif ferent & types.

(*\TIL, \ﬁ“—avxc, IV)— R b

——

2. :Dissociation - on serial transfer in vlood broth k strain undergoes
Spontaneous dissociation - number of varienits distirguishable by
colony form. Only R30i suscejtibie; other varianis &ll inactive.
Difrarences In P2tponsivengss q Fforenr Ryamsn/s 7 same ff'm/u.

Emphasizes care reguisite 1n selecticn of suitzble E-variant.

3. Intracelluler enzyme - pnewsococcal cells relsase uson autolysis an
enzyme thet destroys activity of transforming extrzcts. Imporient
in the cultural concitions of inducing trensformeticn andé in tae

extraction of transforming prirciple from pneumococcal cells.

To obtain consistent reproducible resuits, beer in mind:
Py = 2 —

1. R strein may uncergo sponianecus dissociation giving rise to

other variznts 1nc'*'b¢e of responulng to transforning stimulus.

2. Pneumococcal cells contain intracellular enzyme unlch when relezsed

destroys activity of traﬁsfo;m;ug pr1nc1ple.

Hence, importent to sel ecy reactive sirsin and to prevent

ﬁ destructive ¢ ch;naes Zigociated with autolysis..

D. Transforming principle
e e

‘Quantitative titration of activity of transforming material.
N dvinidodadniivntl

Steriie material serislly diluted in saline at neutrel pH.
~0.27¢elof each éilution edded to three or more tubtes contzining
2 cc. of oronh to which 10 ) _per cent serous fiuld has been added.
Tubes seeced with 0.05 cc. of e 107 &7dilution of a 5-8 hour blood
broth culture of the R strein (R36L).

Cultures incubzted 379 for _18-24 hours. Aati-X in serum medium
causes the R celis To agglunlnane curing growth. The ¢ aggilutinated
ciumos seuu;e to oottoﬂ bf _tube leaving clear susernatznt. Yhen
trarnsforzation ocewr's, encapsule ted g cells unaffecuea by tke R
antibodies grow cll;ugeLy, 51 ne*ngtanu becoming uniformly turnid.
By inspection zlione cen disiinguisnh tentatively between 9oslt1ve

and negative resulis.
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D. (conlinued)
ALY euliures platsé cn blood zger for further icentilication.
mion : N -2 A X
DiZferentviavion of colonles of par 5 &nd
o

transiorned § orgenisms striking - lat
o .

mucoic tjplc Type III.

Slicde 2 - Colonies

II1. Preparation of transforming grinciple

A. Source materizl
Nt e e

1. 75 liter lots of culture of Type III pneumococcus.

Younsl ‘actively growing (16 hr.)

pup——__ LR TR

2. Coilected on Sherples centrifuge.

e

\/_'f
3. Cells resuspendec in ssline - heat-killed 65°C... 30!

This temperature lnaCuantES enzyme knorn .to cdestroy t. p.

B. Extraciion
ettty

1. Hezted cells washed 3 times with seline, remov1ng large excess
capsular “oljsaccnu“*ae, much protvein, ribonuclelc acid and .C
polysacch_rlae - 10-15 pe“ cent loss of trars¢o*m1ng material.

Extrected with saline conteining O 5 per cent sccium desoxycholate,
by mecaanlcal shaking. Repeated 3 times.

3. Extracts combined, precipitated by excess ethkyl alcchol. Ppi -
floztifig fibrous mass. Redissolved in saline.

— R

C. DeDrOuelanatlon and Removal of S pclysaccharide

1. Preliminary deproteinization by Sevag chlorciorm method. About 3 times

2. SIII Enzyme hydrolyzes Type .IIL capsular polyszccheride. Enzymebic

Oreakdowm ubually complete 4-6 hours - evidenced by loss of serologlcal
sctivity.

3. Reprecivitated by zlcohol. Deprcteinizaticn repeated until no fu;ther N
protein-chioroforn get at interface.

‘D.- Alcohol fractionation
e ——— e S e st 2 PR e o

1. Drcpgise aGadition of zbsolute ethyl alcohol with consient stirring

2. At critical concentration - 0.8 - 1.0 volume - fibrous strands
separate out and collect on rod.

3. EKepeated 4-5 times

mgm. per 75 liter lot and represent

4. Yield of fibrous material = 10-25 mg
rizl in crude extract.

mejor portion of active mate
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‘Analysis of Purified Material

E. Effect of temperature

1.

.

xtraction less efficient but activity best preservec when
procedures are carried out at 0°-4°C.

<Ll1

A. General properties

1. Saline solutions (1 mg./cc) - colorless, viscous, clear in diffuse
light. In strong transmitted light, silky sheen on stirring.

2. Preservation - szline soiutions retain activity 2-4°C. at least
3 months. Longer perloas in frozen stzte in COp cabinet £ - i(°//
In squeous solution rapid decrease in sctivity; completely inert
in few aays.

o
-

Material precipitated from saline bOLutlon.Dy“grcohdl and
stored uncer aicohol remain active for long yer;ocs.

____..._——-'-....m...
i

3. Effect of temperature - withstands 30- 60 min. 65°C.
‘Higher tempersaturesnot tested.

4. Effect of pH - activity ra P;dly lost at acidities greuater than pH 5.
Best preserved &t neutral or slightly alkaline rezaction.

B. Qualitative Chemical Tests

1. Biuret and Hillon tes<s negative — even on dried material
A =3

—

2. Dische diphenylemine reaction for desoxyribose strong:y positive

3. Orcinol test (Bial) for ribose weakly positive. However, in similer
~concentrations pure preﬁZfEEions of desoxyribonucleic acid-of
animal origin prepered by different methods give Bial reaction of
corresponding intensity.

4. Lipids - no specific tests. Crude materizl repeated extracted
with alcohol and other -120C. without loss of activity.
. Repeated alcohol precipitation and treatment with chloroform
resu¢ts in no decreese in activity.

C Elementary Chemical Analysis (Dr Elek)
i
Sllde 3

N/P ratio varies from 1.58 - 1.75. Average value 1.07.

Close agreement with that caleculeted on the ‘basis of the uheoretlcal
structure of sodium aesoyyrloonucleate.

N/P ratio indicates little proteln or other substance conteining
N or P preseni, otherwise raiian would be con51derably different.

r(u(l o)
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D. &Enzymatic Analysis

1. Crystalline enzymes (Northrop and Kunitz)

Trypsin, Chymotripsin anc ribonuclease - no effect on activity
o i hosp.o. or Braloin SA LRSI [f ayrien mtj’y 0*/
ateu.

Pepsin not tested because PH requ:\.rea for action itself ina

s~ T

2. Crude enzymes : .uh*ﬁrf

Qgg‘lntestlnaT mucose - Levene anc Dillon - poljﬁucleotlaasemprnna*a
Rebbit bone phosphztase - Martland and Robison

Swine kidney phosphstase - Albers, A. and E.

Pneumococcus autolysutes

Normal dog and rabbit serum.

/ . T 3 ’
Slide 4 ﬁﬁku m-v/ﬁ/ "i /A{;i,fn.;;h

e

(Dr. Mirsky - desoxyrbbonuc*eate)

Paralleiism between enzyme thet causes depolymsrization of kncwn
samples of desoxyribonucleic acid ané that which destroys activity
of transforming principle. Irrespective of ghosphatase or esterzse
activity, only those preparations shown to contain an enzyme capable
of depolymerizing autheatic samples of DENA were found to inactivate

) , transforming principle.
‘ o . >
.!)/

3;‘ibifferential Heat Inactivation of Dog and Rabbit Serum Ifn !Y

-/. . ~ N
N //‘ Greenstein- and Jenrette shown that sera of seversl different mammalian
species contain enzyme which causes depolymerizztion of D.R.N.A.
Greenstein has termed this desoxyribonucleodepolymerzse.

Aetion—of—easyme ez sured py—decrense—of-—wiseority ol mivturesof
enzyme and nuglhana_ln.xlg0051mgzens. .

’og ‘and rabbit Serum, uested on partlally pur1¢1ea prevaration of
‘ ransformln° materiel.,

‘Data show that both dogz anda rabbit serum unheated is capable of o
ompletely destroying tranS¢orm ng ectiviy; However, when dog I
serum Is heated af 60¢ or higher for 30 mlnutes there is no loss

of 1'.1'a.nsi.ormlntr qgt1v1ty That is, the serum enzyme responsible

for destruutlon is completely inactivated at 60°C. In contrast
Vexposure_to '65°C. is required for complete inactivetion of the

corresponding enzyme in normal rabbit serum.

qS;me semples of serum also tested for depolymerase activity on
'sodium desoxyribonucleate.

~n P A ST
( ,&«Mﬂ d’uiﬁ-ﬁ;«'h’dub{ 1é R g":.: iy, "1‘ { ML b 5 & & f”g ” ! .1 JT /
i : TCUNE TR e U 7
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decresse in acid prec1nltaolllqy oi' the nucleaie.
.

Data in Slide 6 show the differential heatl inactivation of the

depolymerase in dog and rubbit serium. with unheated serua of
' Both species,™ v1scos¢ny " £eIl 't that of water in 5-7 hours.

et e LR

//f Depc lynerizzation follawed reauctlon_‘n Vviscosity end yrogreusive

Dog serum heated at 60 60 _and 65°C. - no significant *eauculon in
Viscosity after 22 hours. ”Z - ot

Cn the othe” hand, heating raoblv serum at 60°C. merely reduced
“the rate of reactlon. The aecoljmerase was completely ‘destrcyed at
.65°C. gk N -
!é ,,(’ ——> Thus, striking purallelism between tempsrature of inactivaiion of
Lv / depolymerase and that of the enzyme which destroys T.P. (shown in
bllde 5). lefe:ence in temgerauu:e of 1n¢cu1vazlon not a v;::;-_

on heat 1n“ct¢vhtlon o; ‘esterase in’ thcse szme” ‘Samples. .In the s

e R ot .- e :

latter 1nstance, the results’drs the"reverse of” tnosg observed wis X!

depolymerzse, since the esterdse ™ o¢ rabblt Serud is dimost-completely
e

desiroyéd at 60°C. while THEt™Gf dog serum is only slightly affected

by exposure to tais temperzture. .

. ‘ L ; s o
7" " 4. Inhibition by NeF. - AR

- ) .
-0 - K S

0f verious substances tested only sodium fivoride found to exer:
significant inhibition kmown to destroy transforming principle.
Irrespsctive of wnether this enzyme derived from tneumococcal celils,
dog intestinal mucose or normzl enimel sera, its activity is ‘
inhibited by fluoride. Similarly, found that fLuorlae inhibits the

- enzyme cau51nv depolymerization of D.R.N.A.

5. The fact that transforming activity is destroyed only by enzyme prepa-
rations knowm to contain depolymerase for D.R.N.i. and further fzct
LT e that in both instances the enzymes concerned are inactivated at the
~__sane temperature and are inhibited by fluoride provide additional
evidence for the beliel that transforming principle is a nucleic
‘  acid of the desoyyrlbose type.

" E. 'S%félogical Anelysis

l. Progressive loss of serological ac»1v1ty with chemical purification,
without corresponding loss of activity.

<. Highly purified transforming principle. Only faint tract reactions
with high titer Type jII rabbit antiserum. Indicates elimination
“during purification of such seroloalcally reactive substances as

S, P, and C. -~

- ¢

3. Contrast between biolozical activity and serological reaction.
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F. Physical Chemical Studies (Prep. #44)
1. Ultracentrifugation (Dr. Rothen)

&. Single, sharp bouniary - indicating substance homeogeneous znd
molecules uniform in size and very asymmetric.

b. Biological activity sedimented ai same rate as boundary.

c. Molecular weight - cannot be accurately determineé pending
measurement of diffusion constant and partizl specific voliuze.
However, Tennent and Vilbrendt have determineé the diffusion
constant of severzl preparations of T.N.A., the sedimentation
rate of which closely agrees with that observed in the present
study. Assuming thzt the asymmetry of the molecules is the
same in both 1n>t¢nces, it is estimated that the molecular
weight is of the order of 500,000.

2. Electrophoresis (Dr. Shedlovsky)
. a. 8ingle electrophoretic component of relatively high mobllity
: comparable to that exoected of & nucleic acid..

b. Transforming activity associated with this fasi-moving component
giving boundary.

¢. Thus, in both the centrifugal-and electriczl fields, behavior of
.active materizl consistent with the concept thzt bilological
-activity 15 a propersy of the highly polymerized nucleic acid.

3. TUltraviolet spectroscopy (Dr. Lavin)

 Absorption curveg showed maxima at 2600 A and minima in the
region of 2350 A

b. Flndlngs character15ulc of a mucleic acid.

Gf' Quantitatlve Determlnanion of Bloloalcal Aetivity

o Varlous preparations of highly purllled material sctive in amounts
: < ranginc from 0.02 - 0.003 micrograms

R Sllde 7  Titration of activity of Prep #d, - prepared in cold;
o ~high activity; N/P ratio. 58 :

On the basis of dry weight - 0.003 mlcrocrams is effective in
' transformation.

Since the. reaction system containing the 0.003 micrograms has a
volume 2.25 cc. this represents a’final concentration of the
purified substance of 1 part.}n’éoo,OO0,000.
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Althougzh the observaticns are limited to a single example, they
. + acguire broader significance from the work of earlier investigators who

demonstrated the interconvertibility of various pneumococcal types and
showed that the speéﬁficity of the changes induced is in each instance

determined by the particular type of encapsulated cells used to evoke the
\, ’ -
reaction.; From the point of view of the phenomenén in general,[thgreﬁonéZ‘

e

it is of special interest that in the example studied, highly purified and
protein-free material.consisting largely, if not exclusively, of desoxy-
ribonucleic acid is capable c¢f stimulating uneﬁcapsulated R variants of

: \APneumoEoccus Type Il to produce a capsular polysaccharide identical in

' type specificity with that of the cells from which the inducing substance® I L -

e s

was isolated. Equally striking is the fact that the substance evokingthe"

.”féaétion and the capsular substance produced in response to it are chemically

- B [ ] J

_.d;sfinct,:each'belonging to a wholly different class of chemical compounds.

S Tke inducing substance, on the basis of its chemical and physical

Q;ﬁ"ﬂu -'propérties, appears to be a highly polymerized and viscous form of $odipa
o | - nifine!
assoxyribonucleate. On the other hand, thi,Type I1I capsular swsstence,

-

<

the synthesis of which is evoked by this transforming agent, consists chiefly

of a non-nitrogenous polysaccharide constituted of glucose-glucuronic acid
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units linked in glycosidic union (2z). The presence of the newly formed

i .
S:l'.l lf,_-';":r l(_, R R

apsule containing th*s tyoe-soec;:lc polysaccharide ccnfers on the transformed

I
.

cells all the distinguishihg characteristics of Pneumococcus Type III. Thus,

- c'“‘t'é,‘\
1t is ev1dent that the inducing substance and theAsubbtance produced in turn

are chemically distinct and biologically specific in their actiocn and that
th are reguisite in determining the type specificity of the cell of which

they form a part.

r_,.;,fﬁf—~“"7The experimental data presented in this peper strongly suggest that

) ~ nucleic acids, at least those of the desoxyribose type, possess different
H ,v .

specificities as evidenced by the selective action of the transforming
NG - ' ’ ‘

3 principle.iilﬁdeéd, the possibility of the existence of specific @ifferences

' in biblogic#i!@ehévior of nucleic acids has previously been suggested (23, 24)

\;'butvhasfpéiéf:béén experimentally demonstrated owing in part at least to the

i

T g T : : _ S :
-lack of suitable biological methods. The techniques used in the study of

_—

_in favor ofAthis point of view.

N .o "
S A e

o - 224t is ultimately proved beyona reasonable doubt thet the

transforming activity of the materizl deseribed is actually an inherent
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property of the nucleic acid, one must still account on a chemical tasics

for the biological specificity of its action. At first glance, immunological

methods would appear to offer the ideal means of dgtermining the differential

specificity of this group of biologically important substances. Although the

constituent units and general pattiera o

£
£y

[

the nucleic acid molecule have been

defined, there is as yet relatively little known of the possible effect that

subtle é:<fer

ences in molecular configuration mey exert on the biologicel

specificity of these substances. However, since nucleic acids free or combined

I3

with histones or protamines are not known to function antigenically, cne would

.
~

not anticipate that such differences would be revezled by immunological

techniques. ConseQuently, it is perhaps not surprising that highly purified

«
-

and protein-free preparations

of desoxyribonucleic acid, although extremely
- active in inducing transfor

mation, showed only faint trace reactions in

.

. \
,precipiti# fests with potent Type'III antipneumococecus rabbit sera.
P .

From these limited observations it would be unwise to draw any

conclusion concerning the immunological significance of the nucleic acids

-,

until further knowledge on this phase of the problem is available. Unless

Vd

special lmmunochemical methods can be devised similar to those so successfully

used in demonstrating the serological specificity of simple non-antigenic
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substances, it appears vhat the techniques eaployed in the study of

transformation are the only ones available at present for testing possiole

~——

£
<

differences in ttre biological behavicr of nucleic acids. { s

.

Attenmpts to induce traznsformztion in suspensions of resting cells

/f .

held under conditions inhibiting growth and multiplication have thus far

provéd‘unsuccéssful, and it seems probable that transformation occurs only

Important in this connection is the

during active feproduction of the cells.

fact that the R cells, as well as those that have undergonme transformation,

Es
Ly
Pt
et R S et g

presumably also all other variants and typesof pneumccocei, contain an

b

-

’

intracellular enzyme which is released during autolysis and in the free state

.\é\ . . . . .
. 1s.capable of rgpidiy and completely destroying the activity of the transforming

’

égéﬁt..iltiﬁéﬁid'éppear, therefore, that during the logarithmic phase of groﬁth

e e

 when“¢eil'g'viSiqn"i$iQSSt.active and autolysis least apparent, the cultural
B ) s TR S e . _ .

‘ ¢0ﬂdi£i§#$far§ optimal for the maintenance of the balance between maximal L

A

R

RS

. ffééctivéﬁ& of_thénﬁrééilTéhd minimal destruction of the transforming agent

- AT B

through the reieésg of autolytic ferments. } °

- v
. e SIS ek P TELAB £0 1P ST
N AP v e #T g - 5

RS . L . .
B In the present state of_knowledge any interpretation of the

r

e

mechanism involved in transformation must of necessity be purely theoreticel..

e -

The biochemical events underlying the phenomenon suggest that the transforming
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principie interacts with the R cell giving rise to a cocréinated series o
ehzymatic reactions‘thap culminate in thg synthesis of the Type IIX capéular
antigen. The experimental findings have clearly demonstirated that the incduced
alterations are not ;andom changes bu@ are predictable, alwéys correspondaing
in type spécificity to thgt.of the encapsulated cells from which the transforming
substance was‘isolgfed. Oqcé transformation has occurred, the newly acquired
chzracteristics 2reAthereafter transmitted»iﬁ seriles throuéi innumerable
transfers in artiﬁicial‘medig without any fgrther addition of the transforming
agenﬁ. Moreover, from the transformed cells themselves, a substance of

' \iidenticél‘aééi?itykggn gggin be r?covgred‘in amounts far in excess of.that
originaiiyyédéééTfﬁiig@#ééiﬁﬁe cpaﬁge. -1t is evident, therefore,'that not

. «only is’thgiéépsulér matérial reproduced in successive generations but that

L

—

_ the-primafj faétb;;‘ﬁﬁgltrgnsforming principle itsel{)which controls the

j\ipccurregéé anéJspééifiéiﬁy,§f;capsular development, is also reduplicated in

i

the daughter cells. 4The iﬁduced changes are not temporary modifications bﬁt:'

are permanent_glteratiopsiwhich persist provided the .cultural conditions are
- o - /./

favorable for the maintenasnce of capsule formation. The transformed cells

can e readily distinguished from the parent R.forms not alone by serological

reactions but by the presence of & newly formed and visible capsule which is
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the immunological unit of type specificity and the accessory structure
essential in determining the infective capacity of the micro—organism_in' PR

. the animal body.

It is parfieularly significant invthe case of pneumococci that the
experimentally induced alterations are définitely correlated with the
developmen? of a new morphological structure and the conseqﬁ;nt acquisition
of new antigenic and invasive prope:tiés. Equally if not more significant

! . is the fact that theég changes are predictable, type_épecific, and heritable.
T - Various hypotheses h;ve been advanéed in expieanation of the naturg

_Q.-'\Aof'the‘changes induced. In his original description of the phenomencn -

¥

- Grifrith}(l)tsuggestéd that the dead bacteria in the inoculum might furnish

e 4N .
R : some specific protein that serves as a "pabulum" amé—sus:ss the R form;to

A A

te

. ‘menufacture a capsular carobhydrate.

U | ‘
. .. More recently the phenomenon has been interpreted from a genetic
‘point of view (26, 27). The inducing substance hes been likened to a gene,

and the capsular antigen which is produced in response to it has been regerded

as a gene produét. In discussing the phenomenon of transformation Dobzhansky

&

(27) Ezs stated that "If this transformation is described as a genetic
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-mutation - and it is difficult tc avoié so describing it - we are dealing A

PP

 with authentic cases of induction of specific mutations by specific ..

" treatments ..."

Another interpretation of the phénomenon has been suggested by
Stanley (éS) who has drawn the znalogy between the activity of the transforming

agent and that of a virus. On the other hand, Murphy (29) has compared the

causative agents of fowl tumors with the transforming principle of Pneumococcus.
He has suggested that both these groupe . agents be termed "transmissible

mutagens® in order to differentizte them from the virus grouvp. Whatever may

~.

ST
. " prove to be the correct interpretation, these differences in viewpoint indicate

.. the impliéatioﬂs of the phenomenon of transformation in relation to similer

~<--problems in the fields of genetics, virelegy, and cancer research.

1

'“of¢céﬁféé, possible that the biclogical activity of the

RIS

due to minuﬁé amounts of some other substance adsorbed to it or so intimstely
associatédTWith it as to escape detection. If, however, the biologically

. Pl -
A / .
active substance isolsted in highly purified form as the sodium selt of -

desoxyribonucleic acid actually proves to be-the transforming principle,



.....

ac the available evidence strongly suggests, then nucleic acicds of thi:z Type

" must be regarded not merely as structurzlly important but as funéﬁiéhally;f;g'ik

active in determining the biochemical ectivities and specific characteristics cant

of pneumococcal cells.| Assuming that the sqdiﬁm desoxyribonucieaie and thg ,

active principle are one and the seme substance, then the tfansférmation

described represents a'change thet is chemically induced endé specifically’

directed by a knéwn chemical ccmpound; -If’the results of ;;e present study
'Aon the Q?émical nature.of the transforming principle are confirmed, then

nucléic acids must be regarded és possessing biological §pecificity the
77<;hemical bgéistof whiqh:is as yet undetermined.

_ '3;?pe evideﬁce presented supporis the belief that a nucleic acid of

‘the desoxyr

iﬁ§$§;§yp§fi§‘the fundemental unit of the tfansforming principle -




